Improved reproducibility of left atrial and left ventricular measurements by guided three-dimensional echocardiography  by King, Donald L. et al.
1238 
METHODS 
JACC Vol. 20, No.5 
November 1, 1992:1238-45 
Improved Reproducibility of Left Atrial and Left Ventricular 
Measurements by Guided Three-Dimensional Echocardiography 
DONALD L. KING, MD, MICHAEL R. HARRISON, MD,* DONALD L. KING, JR., MS, 
AASHA S. GOPAL, MD, RANDOLPH P. MARTIN, MD, FACC,t 
ANTHONY N. DEMARIA, MD, F ACC* 
New York, New York; Lexington, Kentucl..:y; Atlallta, Georgia 
Objectives. The objecth'e of this study was to determine 
whether guided three· dimensional echocardiography could im-
pro\'e the reproducibility of left atrial and left yentricular antero-
posterior measurements O\'er that of standard unguided two-
dimensional echocardiography. 
Background. Although these measurements are standard in· 
dexes for evaluating chamber size, their use is limited by signifi-
cant interobsener variability largely due to \'ariable image plane 
positioning. To imprO\'e measurement accuracy and reproducibil. 
ity, we have denloped a three· dimensional echocardiograph that 
displays the line of intersection of the real·time image with a 
previously sal'ed orthogonal reference image. This display shows 
the relation of the real·time image to anatomic landmarks in its 
third, non visualized dimension and may be used to guide image 
positioning. 
Methods. Three pairs of operators independently performed 
unguided two· dimensional and guided three· dimensional exami· 
nations on three groups of 10 patients each. The left atrium was 
measured in a plane through the inferior surface of the aortic 
Echocardiographic measurements of left atrial and left ven-
tricular size obtained in the parasternal long-axis view are 
routinely reported (1). These measurements may be of value 
in estimating the severity of mitral and aortic valve disease, 
making clinical decisions regarding anticoagulation and car-
dioversion and assessing left ventricular size, function and 
response to therapy. Therefore they are important variables 
that should be obtained in a standardized and reliable 
manner (2). One limitation of these measurements, however, 
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cusps and the left wntricle in a plane perpendicular to its long axis 
1 cm below the mitral leaflet tips. Interobsener \'ariability of 
these measurements on unguided parasternal long· axis images 
and on guided short-axis images was assessed. 
Results. The standard unguided two· dimensional examination 
was associated with an interobserver \'ariability of 14.6% and 
9.1 % for atrial and yentricular measurements, respecth'ely. 
Guided three· dimensional echocardiography significantly reduced 
interobsener \'ariability to 5.0% and 3.1 %, respecth'ely, for the 
same measurements (p < 0.005 by McNemar's test). 
Conclusions. Significant interobsen'er \'ariability occurs with 
standard unguided two· dimensional echocardiographic measure-
ment of left atrial and left wntricular dimensions. Guided three-
dimensional echocardiography achiews a nearly threefold im-
pronment of reproducibility of these measurements and pro\'ides 
the basis for improyed serial evaluation and comparison of atrial 
and yentricular size by different operators. 
(J Am Coil Cardio11992j20:1238-45) 
is interobserver variability due to variable positioning of the 
tomographic image plane. Fortunately, this limitation has 
potential for significant improvement. 
To reduce or eliminate interobserver variability, two 
independent operators not only must use the same stan-
dardized procedure for measuring an image but also must 
reproduce the same tomographic image plane. Such 
reproducibility requires reduced variability in the position 
and angulation of the ultrasound image in its orthogonal, 
nonvisualized dimension. This reduction can now be 
achieved with a three-dimensional echocardiograph capable 
of orienting and guiding positioning of the interrogating 
beam. 
Our three-dimensional echocardiograph is able to regis-
ter, display and document the spatial position, orientation 
and relation of sequentially acquired images (3). In our 
previous investigations (4) it proved highly accurate and did 
not introduce new measurement errors. One innovative 
feature of this instrument is its use of a reference image to 
create a line of intersection display. The line of intersection 
is the single line common to two intersecting image planes, 
the reference image and the real-time image. The three-
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Figure 1. The three-dimensional echocardio-
graph comprises a conventional two-dimen-
sional real-time scanner (center), a three-
dimensional spatiallocater system (left) and a 
personal computer (right). The line of inter-
section display appears on the computer 
video monitor. 
dimensional echocardiograph computes the line of intersec-
tion of a real-time image (for example, a short-axis image) 
and a previously saved reference image (for example, a 
long-axis image). This line is displayed in each image and 
shows the relation between the planes of the two images. It 
also shows, in the reference image, the relation of the 
real-time image plane to additional anatomic landmarks in its 
orthogonal, "nonvisualized" dimension. As the real-time 
image moves with respect to the reference image, the hne of 
intersection is rapidly recomputed and moves appropriately 
in each image to show their changing relation. By observing 
the changing position and angulation of this line in both 
images, the operator is able to guide image positioning. 
The line of intersection display was used in a previous 
study (5) to assess ultrasound beam orientation during stan-
dardized imaging by several groups of echocardiographers. 
In that study the line of intersection, unobserved by the 
operator, recorded the position and orientation of each 
image (parasternal long- and short-axis and apical two- and 
four-chamber views) with respect to an orthogonal reference 
image. The echocardiographers in that study failed to meet 
approximately 50% of the criteria for optimal positioning of 
these standard images. Of the four images, the parasternal 
long-axis image was most accurately positioned, but in 36% 
of cases, it was displaced medially or laterally from the 
center of the left ventricle by >5 mm. The magnitude and 
frequency of this displacement indicate significant interob-
server variability in positioning the parasternal long-axis 
image and, thus, the potential for significant variation in 
measuring left atrial and left ventricular dimensions. The 
purpose of this study is to determine whether use of the line 
of intersection display to guide image plane positioning can 
significantly reduce interobserver variability for these two 
measurements. 
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Methods 
Instrumentation. The three-dimensional scanner (Fig. 1) 
registers transducer and image position and orientation in an 
external three-dimensional spatial coordinate system that is 
independent of transducer position. It consists of a real-time 
two-dimensional echocardiograph (Hewlett-Packard model 
77020AC) linked to an acoustic three-dimensional spatial 
locater (Science Accessories model GP8-3D) that associates 
three-dimensional spatial coordinates with each image. The 
real-time images and spatial coordinates are transmitted to a 
personal computer (AST Research model AST Premium! 
286), which controls system operation and provides a means 
for subsequent analysis of the acquired three-dimensional 
data. The three-dimensional acoustic spatiallocater consists 
of an array of three sound emitters rigidly attached to the 
ultrasound transducer (Fig. 2) and an array of four micro-
phone receivers suspended over the examination table, as 
well as the electronic circuitry for their operation. The sound 
emitters are energized in rapid sequence to produce 60-kHz 
sound waves that travel to each of the four overhead 
microphones. The transit time for the sound to travel from 
each emitter to each microphone is measured, corrected for 
environmental conditions and used to calculate the X, Y, Z 
coordinates of the transducer and its image in a spatial 
coordinate system defined by the array. The 
digitized video image of the real-time scanner is transmitted 
to the computer and used in combination with the coordinate 
data to produce the interactive line of intersection display. 
The real-time and reference images with their line of inter-
section may be alternately displayed on the computer video 
monitor by pressing different function In addition, 
along the right-hand side of the image an "overhead" 
display of the relation of the planes of the reference image 
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Figure 2. An array of three spark-gap sound emitters is rigidly 
attached to the transducer. The sound emitters are energized in 
sequence, and sound waves travel from each emitter to each of four 
overhead microphones, providing ranges from which the position 
and orientation of the ultrasound image can be computed. 
and the real-time image as viewed from above the trans-
ducer. The vertical line of the overhead display represents 
the top (edge closest to the transducer) of the reference 
image. The upper end and the bottom of the vertical line 
correspond, respectively, to the upper right-hand corner and 
the upper left-hand corner of the reference image. The short 
horizontal lines show the position and angular rotation of the 
intersecting real-time image plane with respect to the refer-
ence image plane, as viewed from above. 
Three-dimensional image acquisition protocol. To estab-
lish a reference image and to make use of the line of 
intersection display, images must be acquired in an appro-
priate sequence. This sequence produces optimal positioning 
of the principal reference image, the parasternal long-axis 
image. Initially, a "positioning" short-axis image is acquired 
through the aortic valve. Next, a second positioning short-
axis image is acquired close to the left ventricular apex. 
Then the transducer is turned to obtain a long-axis image. At 
this point, the line of intersection of the long-axis image with 
each positioning short-axis image is computed and displayed 
within all three images. These images are alternately viewed 
by pressing appropriate function keys on the computer key-
board. While viewing the positioning short-axis images, the 
operator adjusts the position of the long-axis image so that its 
line of intersection in each positioning short-axis image passes 
as closely as possible through the center of the aortic valve and 
the center of the left ventricular apex. When this result is 
achieved, the long-axis image has been optimally positioned 
and is saved in the computer memory for subsequent use. The 
transducer is then turned to acquire appropriate short-axis 
"data" images. These are optimally positioned by using the 
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line of intersection displayed in the reference long-axis image 
and in the real-time short-axis image. 
Study group. The study group comprised three groups of 
10 patients each, one group at each participating institution. 
All 30 patients (16 women and 14 men with a mean age of 56 
years [range 33 to 74]) were referred to the echocardiography 
laboratories for clinically indicated examinations. The pro-
cedure was explained in full to each patient. Verbal informed 
consent for undergoing a slightly longer study that included 
a guided three-dimensional examination was obtained in 
accordance with institutional guidelines. The patients were 
chosen at random and were unselected for type of heart 
disease (coronary artery disease in 12, valve disease in 7, 
cardiomyopathy in 4, pericardial disease in 3, congestive 
heart failure in 3 and atrial fibrillation in Each patient was 
required to have a technically satisfactory study to be 
included. As assessed with conventional two-dimensional 
echocardiographic techniques, the left atrium was of normal 
size (anteroposterior dimension ::;40 in 14 patients; in 
the remaining 16, the anteroposterior dimension was en-
larged up to 59 mm. In 27 patients, the left ventricular 
chordal dimension was <55 mm; in 3 patients the ventricle 
was enlarged up to 67 mm. All examinations were of 
satisfactory diagnostic quality and permitted accurate mea-
surement of the anteroposterior dimensions. 
Study protocol. Each group was examined by a different 
pair of echocardiographic technologists. Each technologist 
had a minimum of 2 years' experience. Before the study, one 
operator performed a routine clinical examination. Then 
both operators independently performed a guided and an 
unguided study examination on each patient. The second 
operator was given ample time to become familiar with the 
parasternal window of each patient. In the initial conven-
tional, unguided examination, a standard parasternal 
long-axis image was obtained at end-diastole (the first video 
frame after the R wave) and at end-systole (the last video 
frame before mitral valve opening) (Fig. 3, A and B). In the 
second study examination, the three-dimensional scanner 
and image acquisition protocol described earlier were used 
to obtain guided short-axis images of the left atrium and left 
ventricle by using reference long-axis images as guides. 
Images were acquired at end-expiration. The line of inter-
section displayed on the reference long-axis end-diastolic 
image (Fig. 4A) was used to guide positioning of the left 
ventricular chordal short-axis image (Fig. 4B) into the plane 
perpendicular to the left ventricular long axis through chor-
dae tendineae, approximately 1 cm below the tips of the 
mitral valve leaflets. Similarly, the line of intersection dis-
played on the reference long-axis end-systolic image (Fig. 
5A) was used to guide positioning of the left atrial short-axis 
image (Fig. 5B) into the plane passing the inferior 
surface of the aortic cusps. Each study exa,.'11ination required 
only a few minutes to perform. Video prints of each image 
were obtained for measurement after both examinations 
were completed. All dimensions were first marked on the 
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Figure 3. A, An unguided parasternal long-axis image at end-
diastole is used for conventional measurement of the left ventricular 
chordal dimension. A line is drawn across the ventricle perpendic-
ular to the long axis 1 cm below the mitral valve leaflet tips. The 
dimension is measured from the black and white boundaries. B, An 
unguided parasternal long-axis image at end-systole is used for 
conventional measurement of the left atrial anteroposterior dimen-
sion. A line is drawn across the inferior surfaces of the aortic cusps, 
and the atrial dimension is measured from the black and white 
boundaries. 
printed images and were then measured by a single observer 
(D.L.K.). 
The anteroposterior dimension of the left ventricle at the 
chordal level in the unguided end-diastolic long-axis image 
was measured by drawing a line across the ventricle perpen-
dicular to the long axis of the ventricle at a point 1 cm below 
the tips of the mitral valve leaflets, (Fig. 3A). The antero-
posterior dimension of the left atrium in the unguided 
long-axis end-systolic image was measured by drawing a line 
through the inferior surface of the aortic cusps and the left 
atrium (Fig. 3B). The positions of these lines were chosen to 
achieve a standardized position for both unguided and 
guided measurements. The intersections of these lines with 
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Figure 4. A, The parasternal long-axis reference image at end-
diastole shows the line of intersection of the guided short-axis image 
being positioned across the ventricle perpendicular to the ventricu-
lar long axis at the chordal level approximately I em from the mitral 
valve leaflet tips. B, The guided real-time short-axis end-diastolic 
image is in the plane position shown by the line of intersection in A. 
The ventricular chordal dimension is measured from the black and 
white boundaries. 
the black and white atrial and ventricular borders were 
marked (trailing edge to leading edge) and the distance 
between them was measured by using the scale in the image. 
The anteroposterior diameter of the left ventricle in the 
three-dimensional guided end-diastolic chordal short-axis 
image was measured in a similar manner (Fig. The 
three-dimensional guided end-systolic short-~xis image of 
the left atrium was measured by drawing line ".cteroposte-
riody through the center of the aortic root and the center of 
the left atrium (Fig. 5B). The black and white borders at the 
posterior aortic root and posterior atrial wall were marked 
and the distance between them was measured by using the 
scale in the image. The differences between for 
each examination were calculated and the mean, SD and 
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Figure S. A, The parasternal long-axis reference image at end-
systole shows the line of intersection of the guided real-time 
short-axis image of the left atrium being positioned across the 
inferior surface of the aortic valve cusps. B, The guided real-time 
short-axis end-systolic image is in the plane position shown by the 
line of intersection in A. The line through the center of the aortic 
valve and left atrium shows the anteroposterior dimension measured 
from the black and white boundaries. 
interobserver variability computed. McNemar's test and the 
Wilcoxon rank-sum test were performed on each group and 
on the three groups combined. 
Results 
No significant differences among the three patient groups 
with respect to unguided interobserver variability, guided 
interobserver or in the degree of improvement 
that three-dimensional guidance produced were observed by 
the Wilcoxon rank-sum test (Table ). 
The mean difference between operators measuring the 
ieft atrial dimension was 4.7 ± 4. mm for all unguided 
two-dimensional examinations compared with 1.7 ± 1.3 mm 
for the guided three-dimensional examinations. Interopera-
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Table 1. Left Atrial and Left Ventricular Dimension Variability 
With Unguided Two-Dimensional and Guided Three-
Dimensional Echocardiography 
Difference Between Two Observers 
Left Atrial Dimension Left Ventricular Dimension 
Group Mean ± SD Variability Mean:!: SD Variability 
Group A 
Unguided 4.1 ± 2.5 mm 10.9% 2.7 ± 1.6 mm 7.4% 
Guided 2.2 ± 1.5 mm 6.2% 0.9 ± 0.6 mm 2.4% 
Group B 
t:nguided 5.6 ± 5.3 mm 17.9% 3.4 ± 2.8 mm 9.5% 
Guided 1.1 ± 1.0 mm 3.4% 0.8 ± 0.6 mm 2.1% 
Group C 
Unguided 4.3 ± 4.2 mm 14.1% 3.3:1: 3.0 mm 10.0% 
Guided 1.7 ± 1.2 mm 5.2% 1.5 ± 1.4 mm 4.3% 
Groups A, 
B,C 
Unguided 4.7 ± 4.1 mm 14.6% 3.1 ± 2.5 mm 9.1% 
Guided 1.7 ± 1.3 mm 5.0%' 1.1 ± 1.0 mm 3.1%t 
'Chi-square statistic = 9.5 (McNemar's test), p < 0.005. tChi-square 
statistic = 13.9 (McNemar's test), p < 0.005. 
tor variability was 14.6% for two-dimensional examinations 
and 5.0% for three-dimensional guided examinations. For 
measurements of the left ventricular dimension, the mean 
difference between operators was 3.1 ± 2.5 mm for all 
unguided two-dimensional examinations compared with 1.1 
± 1.0 mm for guided three-dimensional examinations. lnter-
operator variability was 9.1 % for unguided two-dimensional 
examinations compared with 3.1% guided three-
dimensional examinations. 
The difference between operators was almost three 
times greater for the conventional unguided two-dimensional 
examination than for the guided three-dimensional examina-
tion, as shown by both the mean difference between mea-
surements and interobserver variability. McNemar's test for 
nonparametric variables reveals that the improvement of 
three-dimensional guided examinations over unguided two-
dimensional examinations is highly significant (p < 0.005). 
Discussion 
Causes of variability. Our current results confirm the 
previously acquired evidence that minor, random, medial-
lateral and rotational movements of the transducer can 
produce significant changes in the measurements of the left 
atrium and left ventricle derived from conventional paraster-
nallong-axis images (5). Curvature of the atrial wall, asym-
metry of the chamber and entrance of pulmonary veins may 
each contribute to variability of the left atrial measurement 
as image position varies. Similarly, as the long-axis image is 
translated, tilted or rotated across the ventricle, different 
ventricular dimensions will be measured, in the 
presence of asymmetry due to ischemic disease. 
JACC Vol. 20, No.5 
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Variation of standard two-dimensional measurements. 
The results of this study indicate that the standard errors of 
the difference between two replicate measurements (square 
root of 2 multiplied by interobserver variability) of the left 
atrium and left ventricle by independent observers using 
unguided two-dimensional echocardiography are 8.4 mm and 
5.6 mm, respectively. That is to say, in one third of cases, 
two unguided examiners would be expected to obtain mea-
surements of the same left atrium that differ from each other 
by >8.4 mm and measurements of the same left ventricle 
that differ from each other by >5.6 mm. This amount of 
variation might seriously influence the clinical implications 
inferred from measurements of chamber size. 
Improved reproducibility by guided three-dimensional 
echocardiography. For guided three-dimensional examina-
tions, the comparable standard errors of the difference 
between two replicate measurements of the left atrium and 
left ventricle would be 2.9 mm and 2.0 mm, respectively, a 
nearly threefold reduction to an amount unlikely to affect 
clinical decisions. This degree of improvement is highly 
significant (p < 0.(05) and independent of differences in 
operator skill or practices in the three institutional groups. 
Thus, our results demonstrate that three-dimensional echo-
cardiography with the line of intersection display provides a 
basis for improved serial evaluation and comparison of left 
atrial and left ventricular dimensions by different operators. 
It can be used to measure left atrial and ventricular size on 
either the long-axis or the short-axis image. Because both 
images are part of the routine examination, either may be 
used without increasing examination time or effort, an im-
portant consideration because the relative simplicity, speed 
and ease of these measurements assure their continued use 
regardless of their other limitations. 
Advantages of line of intersection-guided three-dimensional 
echocardiography. The three-dimensional instrumentation 
used in this study is designed to be incorporated into any 
echocardiographic system. It is on-line and interactive, 
providing immediate three-dimensional spatial information 
to the operator to help direct the course of an examination 
(3). Other three-dimensional echocardiographic systems 
have not provided this feature (6-9). The reference image 
and line of intersection display are used for visual guidance 
positioning real-time images with regard to their orthogonal, 
nonvisualized dimension. The additional anatomic land-
marks and spatial relations shown in the reference iinage 
make it possible to adjust the real-time image position, 
correcting undesirable displacement, angulation or rotation 
of the image. This additional capability not only increases 
image plane reproducibility but also may improve image 
quality by correcting positioning errors. It also fully docu-
ments image position in an examination and can thus lead to 
improved standardization. The sound emitters increase the 
weight of the transducer by only a few ounces, and their 
position above the operator's hand does not interfere with its 
manipulation. Use ofreference images does not increase the 
length of an examination because all reference images are 
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standard image planes. Only the initial two positioning 
images, which accurately locate the first reference image, 
represent an addition to the routine examination. To use the 
line of intersection display, the operator must learn a new 
eye-hand coordination skill that requires a short period of 
instruction and practice. Although the computer control 
program is self-explanatory, a period for familiarization and 
practice in its use is necessary. However, once these have 
been achieved, the line of intersection display has proved to 
be a powerful tool for teaching and improving echocardio-
graphic technique. 
Limitations of the study. All examinations were per-
formed at the same patient visit. One operator performed a 
routine clinical examination before the study was carried out 
and was thus more familiar with the patient when the study 
images were acquired. However, because the order of the 
operators was random, it is doubtful that any bias was 
introduced by this difference. Furthermore, the second 
operator was given ample time to become familiar with the 
parasternal windows used in each patient. It is also doubtful 
that the sequence of examinations, unguided two-
dimensional before guided three-dimensional, had any effect 
on results because different images were measured in each 
examination. The patient was not removed from the exami-
nation table between operators, although each operator was 
able to adjust patient position as desired. Had the examina-
tions ofthe two operators been separated in time, differences 
in patient positioning as well as physiologic differences may 
have caused greater interobserver variability for both un-
guided and guided examinations. The relative improvement 
of atrial and ventricular measurement reproducibility was 
essentially the same. This result may have been influenced 
by similar positioning of the unguided long-axis images. 
Although separate unguided long-axis images were obtained 
for each measurement, their close approximation in time 
probably served to make them more alike than if they had 
been acquired at different examinations. Thus, the results 
obtained for the atrial and ventricular measurements should 
not be considered completely independent. However, they 
show a degree of improved reproducibility that might rea-
sonably be expected by use of guided three-dimensional 
echocardiographic imaging. 
Comparison with previous studies. Our estimate of inter-
observer variability by conventional two-dimensional echo-
cardiography is slightly greater than that of previous inves-
tigators. This difference may be due to our effort to record 
what actually happens during conventional examinations 
rather than to record how well two-dimensional examina-
tions might be performed by suitably motivated operators. 
Schnittger et al. (10) reported a reproducibility of two-
dimensional intracardiac measurements of 4.8% over a pe-
riod of3 days in 10 volunteer subjects. Triulzi and coworkers 
(II) obtained a mean interobserver variability for multiple 
cardiac measurements of 5.0% in 15 volunteer subjects. 
Gordon et al. (12) reported interobserver variability for left 
ventricular end-diastolic and end-systolic volumes of 8.5% 
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and 16.5%, respectively. Himelman and coworkers (13), 
assessing the reproducibility of quantitative planimetry for 
left atrial volume, reported a mean intertechnician variability 
of 21 %. It is not the purpose of this study to address other 
limitations of atrial or ventricular anteroposterior dimen-
sions as indicators of chamber size (14). However, it is worth 
noting that the anteroposterior atrial dimension is related to 
atrial volume by an exponential function, although with a 
poor correlation (15). In a similar manner, the left ventricular 
chordal dimension is also of limited value as a predictor of 
ventricular volume, especially in the presence of regional 
shape distortions due to ischemic disease (16). As a conse-
quence, small errors in the chamber dimension translate to 
large errors of estimated chamber volume, especially as the 
chamber enlarges. Therefore, it is important for these dimen-
sions to be as precise and reproducible as possible to 
minimize errors in estimating chamber size and to enhance 
their utility for clinical decision making. 
Implications for quantitative echocardiography. The ca-
pabilities of three-dimensional echocardiography encourage 
a reevaluation of the subject of quantitative assessment of 
cardiac chamber size and volume. The line of intersection 
display provides a means for accurate positioning of 
orthogonal image planes and dimensions, as well as for 
accurate positioning of end-planes for volume computation 
without use of geometric assumptions (4,17). A hierarchy of 
size estimators from simple to complex should be developed, 
including anteroposterior dimensions, three orthogonal 
axes and direct computation of chamber volume without 
geometric assumptions. No doubt, in studies up to the 
present, the relatively low predictive value of quantitative 
echocardiography has been due in part to variable image 
plane positioning (18). It is reasonable to assume that the 
improvements achieved by the three-dimensional scanner in 
this investigation can be extended to other image planes and 
quantitative measurements, including assessment of left 
ventricular wall motion abnormalities, infarct surface area 
and valvular regurgitation, as well as right ventricular size 
and function. 
Clinical applicability. Several factors will influence the 
ultimate clinical applicability of the three-dimensional meth-
odology described in this study. First, the diffusion of 
three-dimensional reconstruction techniques into the prac-
tice of echocardiography will depend on the integration of 
this instrumentation into commercial devices. The expense 
of incorporating three-dimensional spatial reconstruction 
must not be prohibitive. Second, the addition of three-
dimensional methodology must not add undue time or com-
plexity to the clinical examination. In this regard, we believe 
that the ability to visualize the location of the ultrasound 
beam in an orthogonal plane with a single keystroke does not 
impose undue additional work on the operator. Finally, 
although statistically significant, the additional reproducibil-
ity provided by three-dimensional echocardiography demon-
strated in this study is numerically modest. Nevertheless, 
greater utilization of quantitative echocardiographic data in 
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clinical decision making will depend on greater confidence in 
the accuracy and reproducibility of the measurements. The 
three-dimensional approach described in this study clearly 
provides such enhanced reproducibility. 
Conclusions. Significant interobserver variability occurs 
in the conventional unguided measurement of left atrial and 
left ventricular dimensions as a result of random variations 
of image positioning technique. Line of intersection-guided 
three-dimensional echocardiography achieves a nearly 
threefold improvement in interobserver variability for mea-
surement of these dimensions. Guided three-dimensional 
echocardiography therefore provides a basis for improved 
serial evaluation of patients and comparison of chamber size 
by different observers. As a consequence, it enhances the 
clinical utility and reliability of quantitative transthoracic 
echocardiography. 
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